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(57) ABSTRACT

A superconducting antenna device of an embodiment
includes an array antenna made by stacking a flat antenna
having one or more antennas made of a superconducting
material and a ground pattern on a low-loss dielectric sub-
strate from a short wave band to an extremely-high frequency
band, a vacuum chamber configured to accommodate the
array antenna, a refrigerator configured to cool the array
antenna, and a vacuum insulating window configured to pass
an electromagnetic wave from a short wave band to an
extremely-high frequency band in a direction of directivity of
the array antenna in the vacuum chamber.
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1
SUPERCONDUCTING ANTENNA DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

This application is based upon and claims the benefit of
priority from Japanese Patent Applications No. 2013-197852,
filed on Sep. 25, 2013 and No. 2014-162768, filed on Aug. 8,
2014; the entire contents of which are incorporated herein by
reference.

FIELD

Embodiments described herein relate to a superconducting
antenna device.

BACKGROUND

Antennas used in radio equipment are required to be small
size and a high sensitivity. In order to reduce the size of an
antenna, a line width needs to be narrower. When a wiring
material such as copper, gold and silver is used, a high fre-
quency antenna in particular has a long wiring length, and for
this reason, the loss caused by the wiring is high, and the
antenna efficiency is reduced. On the other hand, when the
size of area of an antenna is reduced, the gain of the antenna
is likely to decrease.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic view illustrating a flat antenna
according to an embodiment;

FIG. 2 is a schematic view illustrating the flat antenna
according to the embodiment;

FIG. 3 is a schematic view illustrating a stacked flat
antenna according to the embodiment;

FIG. 4 is a schematic view illustrating a stacked flat
antenna according to the embodiment;

FIG. 5 is a schematic view illustrating the antenna device
according to the embodiment;

FIG. 6 is a block diagram illustrating a circuit of the
antenna device according to the embodiment;

FIG. 7 is a schematic view illustrating a security device
according to an embodiment;

FIG. 8 is ablock diagram illustrating a high frequency unit
of the security device according to the embodiment;

FIG. 9 is a cross sectional schematic view illustrating a
magnetic resonance imaging device according to an embodi-
ment having a receiving antenna inside of a housing;

FIG. 10 is a schematic view illustrating an inspection
device according to an embodiment; and

FIG. 11 is a schematic view illustrating a configuration of
a transmission/reception device of the inspection device
according to the embodiment.

DETAILED DESCRIPTION

A superconducting antenna device of an embodiment
includes an array antenna made by stacking a flat antenna
having one or more antennas made of a superconducting
material and a ground pattern on a low-loss dielectric sub-
strate from a short wave band to an extremely-high frequency
band, a vacuum chamber configured to accommodate the
array antenna, a refrigerator configured to cool the array
antenna, and a vacuum insulating window configured to pass
an electromagnetic wave from a short wave band to an
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extremely-high frequency band in a direction of directivity of
the array antenna in the vacuum chamber.

First Embodiment

A superconducting antenna according to the first embodi-
ment is a flat antenna having one or more antennas made of a
superconducting material and a ground pattern on a low-loss
dielectric substrate from a short wave band to an extremely-
high frequency band. The distance between adjacent antennas
patterns of the multiple antenna patterns is equal to or less
than A/10 where the resonator frequency of the antenna is
denoted as A.

FIG. 1 illustrates a schematic diagram of a flat antenna 100
according to the embodiment. The flat antenna shown in the
schematic diagram of FIG. 1 includes a superconducting
antenna 1, a feeding path 2, a ground pattern 3, which are
provided on a low loss dielectric substrate 4. The supercon-
ducting antennas 1 are formed on one side or both sides of the
substrate.

The superconducting antenna 1 is made of a superconduct-
ing material. One or more superconducting antennas 1 are
provided on the low loss dielectric substrate 4. The supercon-
ducting antenna 1 is made by processing an oxide supercon-
ducting thin film including one or more types of chemical
elements suchasY, Ba, Cu, La, Ta, Bi, Sr, Ca, Pb into a desired
antenna pattern shape. The shape processing may employ, for
example, publicly known lithography technique. The pattern
shape of the superconducting antenna 1 may be monopole,
dipole, crank types, spiral types such as rectangular, circular,
oval shapes, and an L type and an inverted F type. In addition,
the superconducting antenna 1 may be an antenna configured
as a CPW type which has both of the ground and the signal
line on the same surface and configured to have a length an
integral multiple of 4 wavelength, and a slot antenna having
a slot in a portion of the ground. In FIG. 1, four antennas are
provided, but the number of antennas, the position, and the
direction may be configured so that a preferred arrangement
is selected appropriately in accordance with the purposes.

The superconducting antenna 1 has a microstrip line struc-
ture using an oxide superconducting thin film. The line width
is equal to or less than several hundred pm, but since the
superconducting material is used, the loss of the antenna 1 is
low. Multiple superconducting antennas 1 have same reso-
nant frequency.

The superconducting antenna 1 is cooled to a supercon-
ducting state when the antenna operates. The cooling tem-
perature may be equal to or less than a desired temperature in
accordance with the used superconducting thin film. The
superconducting antenna 1 is connected to both of the feeding
path 2 and the ground pattern 3.

The superconducting antenna 1 is fed via the feeding path
2. An antenna signal is input and output via the feeding path
2. The feeding path 2 is preferably made of the same material
as the superconducting antenna 1 from the view point of
manufacturing process.

When the superconducting antenna 1 is used, the interval
between adjacent superconducting antennas 1 can be reduced
to A/10 or less where the resonant frequency of the supercon-
ducting antenna 1 is denoted as A. An antenna made by
processing a metal pattern in a normal conducting material
such as copper, which has been used in the past, has a problem
in that when the antenna size is reduced, the antenna gain
decreases because of the loss caused by the reduction of the
antenna size. In particular, the embodiment relates to an
antenna for an electromagnetic wave from a short wave to an
extremely-high frequency such as millimeter wave, and
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antenna for such a wavelength requires a wire length for a
long antenna. The longer the length of the wire is, the more
significant the effect of the loss becomes because of the
reduction in the size of the antenna, and therefore, the antenna
according to the embodiment has a problem that would not
occur with an antenna that supports a wavelength such as a
nanometer order. For this reason, in a case of a system that
could not tolerate reduction of the gain at the antenna, the size
of the longest side of the size of area occupied by the pattern
of the antenna is preferably configured not to be equal to or
less than A/5 when the antenna using a normal conducting
material is made into a smaller size. On the other hand, when
the superconducting antenna 1 is used, the loss is so small that
it can almost be disregarded, and therefore, the reduction in
the antenna gain caused by the reduction in the size of the
antenna is sufficiently low. Therefore, the antenna size can be
reduced to A/10 or less.

Since the wiring length is long, the size of area of the
antenna is likely to increase. In a conventional antenna using
anormal conducting material, the directivity of the antenna is
not high enough to be used for the purpose of detailed inspec-
tion of, for example, a microwave. When superconducting
wiring is employed for an antenna, the interval between the
superconducting antennas 1 on the same surface is reduced to
a sufficiently narrow interval of A/10 or less, and multiple
antennas are arranged, so that the antenna can be made into an
array by arranging multiple antennas in a size of almost a
single element of a conventional antenna, so that a high direc-
tivity can be achieved. In this case, the interval between the
superconducting antennas 1 is the shortest distance between
adjacent superconducting antennas 1. It should be noted that
the interval between a superconducting antenna 1 on one side
of'a substrate and a superconducting antenna on the other side
thereof preferably satisfies a condition of A/10 or less because
of similar reasons.

When the superconducting antenna 1 is in a spiral pattern,
the longest side of the pattern shape is preferably equal to or
less than Yio of the wiring length of the superconducting
antenna 1. It is preferable to satisfy this condition from the
perspective of the reduction in the size.

The feeding path 2 feeds electric power to the supercon-
ducting antenna 1. A delay line, phase shifter and a resistive
film may be provided in a wiring circuit of the feeding path 2.
When the delay line, phase shifter and the resistive film are
provided, a phase and gain difference can be given to signals
between antennas. When the phase difference can be given to
signals between antennas, the signals between antennas can
be separated. Examples of delay lines include a delay line for
changing a signal path, a delay line for changing the induc-
tance of a signal, and a delay line for changing the tempera-
ture of a superconducting line.

The ground pattern 3 is connected to each superconducting
antenna 3. The ground pattern 3 may be a conductive film, but
the ground pattern 3 is preferably constituted by the same
superconducting material as the superconducting antenna 1
from the perspective of the manufacturing process.

The substrate of the superconducting antenna 1 is prefer-
ably made of a low loss dielectric substrate 4 of which loss is
low from a short wave band to an extremely-high frequency
band. Examples of low-loss materials include sapphire and
MgO.

The flat antenna 100 can be manufactured by, for example,
the following method. A superconducting oxide thin film is
evaporated onto the low loss dielectric substrate 4 such as
sapphire using laser vapor deposition method, sputtering
method, vapor deposition method, chemical vapor deposition
method, and the like. The superconducting oxide thin film
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made by evaporation can be processed by lithography tech-
nique using a mask having patterns of the antennas, the feed-
ing path 2, and the ground pattern 3 formed thereon. It should
be noted that the superconducting antenna 1 is such that the
line width is narrow and the wiring length is long, and there-
fore, a superconducting oxide thin film is used. Because the
pattern of the antennas 1 and the ground 3 are made by
lithography, the interval between the antennas 1 can be
reduced to a narrow interval of A/10 or less.

FIG. 2 illustrates a schematic diagram of a superconduct-
ing antenna device 101 having a metal plate 6 for radio wave
reflection. When the superconducting antenna 1 is mounted,
the superconducting antenna 1 is mounted with the dielectric
5 arranged on the metal plate 6 in an interposed manner, so
that the directivity can be improved by making use of the
reflected wave from the metal plate 6. In this case, the thick-
ness of the dielectric substrate is such that, when the resonant
frequency of the antenna is denoted as A, the thickness of the
dielectric substrate is preferably such a thickness at which the
effective wavelength thereof is equal to or more than A/8 and
equal to or less than A/4. The used dielectric substrate pref-
erably has a lowered loss, as much as possible, for the elec-
tromagnetic wave transmitted and received.

Second Embodiment

The second embodiment relates to an array antenna made
by stacking the flat antennas according to the first embodi-
ment. The array antenna according to the embodiment is
cooled by a refrigerator, not shown, and the antenna is in the
superconducting state. From the perspective of improvement
of the directivity and the gain, the flat antennas 100 are pref-
erably used in a stacked manner.

The stacking form of the flat antennas is shown in the
schematic diagrams of FIGS. 3 and 4, for example. The flat
antenna of FIGS. 3 and 4 is an antenna in a form having two
superconducting antennas on substrate. This shows an
antenna in a form having a protruding portion of the feeding
path. The antenna in the form having the protruding end
portion of the feeding path is preferable from the perspective
of connection with a circuit in a stage subsequent to the
antenna.

An array antenna 200 shown in the cross sectional sche-
matic diagram of FIG. 3 is in such form that flat antennas are
stacked without shifting the superconducting antenna pattern.
As shown in FIG. 3, four antenna layers are stacked. The four
antenna layers may be in a form where a superconducting
antenna is arranged on a surface of each dielectric substrate.
Alternatively, the four antenna layers may be made by alter-
nately stacking a dielectric substrate 4A having supercon-
ducting antennas 1 provided on both sides thereof and a
dielectric substrate 4B having no superconducting antenna
arranged thereon in order. In the latter form, the antennas are
formed on both sides of the dielectric substrate 4A, and there-
fore, even when a substrate is warped during manufacturing,
the superconducting antennas 1 provided on both sides of the
dielectric substrate 4A can have the same thickness of the
dielectric substrate which is shared by the superconducting
antennas 1, and therefore, individual difference of the super-
conducting antennas 1 can be reduced. The array antenna in
the form of FIG. 3 is a preferable from the perspective of
improving the directivity of the antennas by using multiple
antennas.

An array antenna 300 shown in the upper surface schematic
diagram of FIG. 4 is in such form that the superconducting
antenna patterns are stacked, each with 90 degrees rotation. In
the array antenna of FIG. 4, an antenna layer A denoted with
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a reference symbol A, an antenna layer B denoted with a
reference symbol B, an antenna layer C denoted with a ref-
erence symbol C, and an antenna layer D denoted with a
reference symbol D are shifted 90 degrees in the order of
stacked layers. In the array antenna 300 in the form of FIG. 4,
end portions 2A, 2B, 2C, and 2D of the feeding paths ofall the
flat antennas stacked are arranged in different directions, or
the end portions of the feeding paths of the flat antennas
stacked immediately above or below are arranged in different
directions. The array antenna 300 in the form of FIG. 3 is a
preferable shape from the perspective of suppression of cou-
pling of antennas with each other.

Third Embodiment

The third embodiment relates to an antenna device in such
form that an array antenna is arranged in a vacuum chamber.
A superconducting antenna device according to the embodi-
ment preferably includes an array antenna made by stacking
flat antennas each having an antenna made of a superconduct-
ing material and a ground pattern on a low-loss dielectric
substrate from a short wave band to an extremely-high fre-
quency band, a vacuum chamber accommodating the array
antenna, a refrigerator cooling the array antenna, and a
vacuum insulating window which passes an electromagnetic
wave from a short wave band to an extremely-high frequency
band in a direction of directivity of the array antenna in the
vacuum chamber.

The schematic diagram of FIG. 5 illustrates an antenna
device 400 according to the embodiment. The antenna device
400 includes a first superconducting antenna layer 401, a first
substrate 402, a second superconducting antenna layer 403, a
second substrate 404, a third superconducting antenna layer
405, a third substrate 406, a superconducting ground layer
407, an infrared reflection film 408, a vacuum chamber 409,
a cold head 410, a refrigerator 411, and a vacuum insulating
window 412.

The array antenna according to the embodiment includes
the first superconducting antenna layer 401, the first substrate
402, the second superconducting antenna layer 403, the sec-
ond substrate 404, the third superconducting antenna layer
405, the third substrate 406, and the superconducting ground
layer 407, which are stacked in this order. The antenna layer
is provided with a feeding path, not shown. Each supercon-
ducting antenna layer is connected to the feeding path and the
ground layer. The superconducting antenna layer and the
substrate correspond to the flat antenna 100 according to the
first embodiment.

The infrared reflection film 408 is a film for preventing
infrared light heating the antenna from being incident upon
the antenna. The infrared reflection film 408 is provided on
the surface of the antenna facing the vacuum insulating win-
dow 412 on which the infrared light is incident (first super-
conducting antenna layer 401), and prevents the infrared light
heating the superconducting antenna layer. The infrared
reflection film 408 is, for example, a multi-layer film of metal
oxide. For example, when there is no infrared light source, the
infrared reflection film 408 may be omitted.

The vacuum chamber 409 is a chamber for keeping the
temperature and the decompressed state in the space where
the antennas are provided. An opening portion is provided in
the direction of the highest directivity of the antennas of the
vacuum chamber 409. The vacuum insulating window 412 is
provided in the opening portion. The vacuum chamber 409 is
made of metal such as stainless steel. Although not shown in
the drawings, the vacuum chamber 409 is provided with a
pump for decompressing the vacuum chamber 409. When a
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superconducting antenna is placed in a low temperature envi-
ronment, the configuration for cooling the superconducting
antenna inside of the vacuum chamber 409 and the like may
be a configuration of a device in the low temperature envi-
ronment.

The cold head 410 is a member for holding the array
antenna and cooling the array antenna. The cold head 410 is
thermally connected to the refrigerator 411, and is cooled by
the refrigerator 411. The cooling temperature is different
according to the superconducting oxide thin film of the array
antenna, and is, for example, 77 K or less.

The refrigerator 411 is a member for cooling the cold head
410 for cooling the array antenna. The refrigerator 411 may
be a refrigerator for an array antenna. Alternatively, when a
refrigerator is already used in equipment into which the
antenna device is incorporated, the refrigerator thereof can be
used as the refrigerator 411. It should be noted that the refrig-
erator 411 is interpreted in a wide sense, and the refrigerator
411 includes a cooling refrigerant for making the array
antenna into the superconducting state and a refrigerant
chamber accommodating the cooling refrigerant. The cooling
refrigerants include cryogen (liquid helium and liquid nitro-
gen).

The vacuum insulating window 412 is a window provided
in the direction of the highest directivity of the array antenna
of the vacuum chamber 409. The vacuum insulating window
412 is made of a member for transmitting an electromagnetic
wave transmitted and received by the antennas, such as
ceramics, glass, and acryl. When the size of area of the
vacuum insulating window 412 is preferably almost equal to
or more than the size of area of the array antenna, this is
preferable from the view point that the transmission/recep-
tion of the signal is less likely to be obstructed.

In this case, FIG. 6 illustrates a block diagram of a circuit
of the antenna device according to the embodiment. The
block diagram of FIG. 6 includes an antenna (ANT), a circu-
lator (CIR), an amplitude limiter (LIM), a band pass filter
(BPF), a low noise amplifier (LNA), and a phase shifter (D).
The ATN1 to the ATNn represent a stacked array antenna. The
antenna is connected to the amplitude limiter, the band pass
filter, the low noise amplifier, and the phase shifter. FIG. 6
shows a block diagram having multiple antennas.

A radio wave is transmitted from an antenna such that
electric power is provided via the circulator to the antenna, so
that the radio wave is output. When a radio wave is received
by an antenna, a signal that passes the circulator is processed
by the amplitude limiter so that a signal having an amplitude
larger than a threshold value is limited. A signal with a large
amplitude may damage the circuit, and therefore, it is prefer-
able to limit the amplitude before the amplification of the
signal. The amplitude limiter is arranged in any given order
between the circulator and the low noise amplifier. The signal
that has passed the amplitude limiter passes through the band
pass filter, which removes signals in a wavelength band other
than the resonant frequency of the antenna. The signal that has
passed the band pass filter is amplified by the low noise
amplifier. The signal that has passed the low noise amplifier is
processed by the phase shifter so that the phase is in synchro-
nization with the phase ofthe signal from each antenna. When
the antenna has a delay line provided, the phase shifter may be
omitted. The signals that have passed the phase shifters are
combined. If the phase shifters vary the phases to be passed,
the beam of the array antenna can be scanned.

In the embodiment, the antenna employs a superconduct-
ing material, and the antenna is cooled so that it is in the
superconducting state. Not only the antenna but also the cir-
culator, the amplitude limiter, the band pass filter, and the low
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noise amplifier are preferably cooled from the perspective of
improvement of the SN ratio of the signal (signal to noise
ratio). For example, these circuits may be provided on the
cold head, so that the cooling of the circuits and the cooling of
the superconducting material can be done by the same refrig-
erator.

Fourth Embodiment

The fourth embodiment is an embodiment of a security
device using a superconducting antenna device as an antenna
of'a receiver. FIG. 7 illustrates a schematic view of a security
device according to the fourth embodiment (measurement
target is not included in the device). This device is an inspec-
tion device using microwave, and detects a dangerous object
and the like possessed by a measurement target such as a
human body from a weak radio wave that has passed through
the measurement target.

The inspection device of FIG. 7 includes a receiver 701, a
transmitter 703, an electromagnetic wave absorber 704, a
metal wall 705, a calculator 706, and a display device 707.
The measurement target 702 is preferably arranged between
the receiver 701 and the transmitter 703.

The receiver 701 includes the superconducting antenna
device explained above. The receiver can process the recep-
tion signal. The measurement target 702 may be a person, an
animal, a baggage, and the like, and is not particularly limited.
The transmitter 703 transmits an electromagnetic wave that
can be received by the receiver 701. The transmitted electro-
magnetic wave is, for example, microwave. The electromag-
netic wave absorber 704 is provided to absorb the electromag-
netic wave so that that scattered electromagnetic wave is not
reflected by the metal wall 705. The metal wall 705 is pro-
vided to prevent electromagnetic waves which become noises
from entering from the outside. The calculator 706 makes
image data by further processing the signal received by the
receiver 701. The calculator 706 can detect presence/absence
of' danger and abnormality by comparing the measured recep-
tion data with reference data obtained based on information
of'the measurement target 702 that has been configured or the
type or the size of the measurement target 702 recognized
from an image captured by a camera, not shown. The result
calculated by the calculator 706 can be displayed on the
display device 707. The calculator 706 may also be a source
of noises and therefore, the calculator 706 is preferably pro-
vided outside of the metal wall 705.

FIG. 8 illustrates a block diagram of a high frequency unit
of'the security device. In the transmitter 703, the signal trans-
mitted from the signal source (SG) is amplified by the power
amplifier (PA) and is radiated from each transmission antenna
(TX ANT). In this case, there may be a single transmission
antenna, or multiple antennas may be used. The signal having
transmitted through the measurement target is received by the
receiver 701. In this case, the receiver 701 has at least one or
more receiving antennas (RX ANTs), and includes a band
pass filter (BPF) for limiting the band width for cutting unnec-
essary frequency components entering from the outside, a
low noise amplifier (LNA) for increasing the reception sen-
sitivity, a phase shifter (@) for controlling beam scanning, and
a combiner for combining signals. In this device, because the
signal that has passed through the measurement target is
greatly attenuated and the signal level is greatly reduced, a
high sensitivity receiver is required to detect the signals.
Therefore, the low noise amplifier used for the receiver may
be cooled to a low temperature. Alternatively, in the process-
ing of the reception signal, the reception signal may be con-
verted into a digital signal, and the digital signal may be
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processed. The combined signal is transmitted to the calcu-
lator 706 via a metal wire or an optical wire. FIG. 8 illustrates
a block diagram where multiple transmitters 703 and multiple
receivers 701 are provided.

When a microwave is used, not only metals but also the
position of moisture, the amount of moisture, and the like can
be measured from the dielectric constant of the measurement
target. In order to reduce the inspection time, the receiver 701
uses a phased array antenna, and can perform scanning at a
high speed by scanning the beam. In FIG. 7, the beam scan-
ning of the receiver 701 is represented by an elliptic circle.
The signal received by the receiver 701 is sent to the calcu-
lator to be analyzed, and the detection result is displayed on
the monitor.

A high resolution performance is required for security
inspection. In this case, in order to increase the resolution, the
receiver 701 of this device has a structure of an array antenna
made of multiple receiving antennas. By increasing the num-
ber of elements of the antennas, the directivity is increased,
and the beam is narrowed, so that the resolution can be
increased. On the other hand, in general, the signal level is
more greatly attenuated by the measurement target as the
frequency becomes higher, and therefore, it is desired to use
a frequency as low as possible. For example, an electromag-
netic wave of about 0.5 to 5 GHz is preferable for security
inspection. However, in a case of an antenna using a normal
conduction wiring material, the antenna size becomes larger
when the frequency is lowered, and therefore, there is a prob-
lem in that an arrayed antenna does not fit within the inspec-
tion device. Therefore, in this device, an array antenna struc-
ture using a superconducting small antenna according to
multiple embodiments is used as a receiving antenna. There-
fore, this reduces the increase of the antenna size caused by
use of a lower frequency, and a small security device still
having a high sensitivity can be realized.

Image data can be obtained by processing data obtained in
the inspection. The image data is compared with image data
serving as a reference, whereby the position, the shape, the
amount, and the like of a foreign object in the measurement
target can be found. Therefore, foreign object detection
including a dangerous object included in the measurement
target can be done. It should be noted that the inspection based
on microwave is advantageous in that the measurement target
is exposed to lower level of radiation as compared with X-ray
inspection. In addition, in contrast to an extremely-high fre-
quency for measuring the surface of the measurement target,
the measurement according to the embodiment detects a for-
eign object included in the measurement target, and therefore,
the measurement according to the embodiment is more pref-
erable from the perspective of privacy.

Fifth Embodiment

With regard to the fifth embodiment, FIG. 9 illustrates a
cross sectional schematic diagram of a magnetic resonance
imaging (MRI) apparatus having receiving coils 904 in a
housing 902. The magnetic resonance imaging apparatus in
the schematic diagram of FIG. 9 includes a magnetostatic
source 901, receiving antennas 904, cooling mediums 906,
which are provided in the housing 902, and also includes a
bed 903 and a reception unit 905. The receiving antenna 904
is arranged inside (at the side of the bed) than the magneto-
static source 901. An output unit, not shown, of each receiving
antenna 904 and the reception unit 907 are connected via a
wire, and the signal received by the receiving antenna 904
passes through the wire and is transmitted to the reception
unit 907. In FIG. 9, twenty receiving antennas 904 are used.
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When superconductor antenna is used, the antenna can be
reduced to an extremely small size, and many antennas can be
arranged in the housing.

When the magnetic resonance imaging apparatus is such
that the diameter of a hollow opening portion of the housing
902 (measurement target area) is 70 cm and the external
magnetic field strength is 1.5 T, for example, fifty 64 MHz
receiving antennas 904 can be arranged in a row inside of the
superconducting coil 901 which is the magnetostatic source.
Further, multiple rows (e.g., several dozen rows) of receiving
antennas 904, which are fifty receiving antennas 904 per row,
may be arranged. An image can be captured using an
extremely large number of receiving antennas 904, and there-
fore, a high resolution image-capturing can be achieved,
which could not be done with externally-attached receiving
antennas. With regard to these issues, a conventional receiv-
ing coil is required to be substantially in contact with the
measurement target because it is difficult to reduce the size
due to the increase of the loss and in order to improve the
sensitivity. Because of the limitation of the size and the sen-
sitivity characteristics of the externally-attached receiving
antennas, the antenna cannot be placed in the housing 902
inside of the superconducting coil 901 even if tried to do so.
Even if the externally-attached antennas are placed in the
housing inside of the superconducting coil 901 which is not
practical, the maximum number of externally-attached anten-
nas that can be placed is about 10 because of its size. In the
embodiment, the small superconducting antenna is used for
the receiving antenna 904, and the increase of the loss caused
by the smaller antenna is suppressed, and further, multiple
superconducting small antennas are made into the array to
achieve a higher sensitivity, and therefore, the characteristics
can be obtained even if the antennas are placed away from the
measurement target, and in addition, the antennas are small,
and therefore, several dozen antennas can be arranged inside
of the superconducting coil 901, and this enables the mea-
surement to be performed with a higher sensitivity than the
conventional case. Because of the higher directivity, informa-
tion obtained by a single antenna element is information from
a narrow area, which further improves the SN ratio. Such
information is made into digital data, so that data can be
processed at a higher speed than the conventional case. In
addition, the circuit for AD-converting (from analog to digi-
tal) information obtained by the antenna element is cooled in
the same manner as the antenna, so that this eliminates ther-
mal fluctuation during AD conversion, and the data loss
caused by the AD conversion can be alleviated.

Sixth Embodiment

The sixth embodiment relates to an inspection apparatus
using a superconducting antenna device. FIG. 10 illustrates a
schematic diagram of an inspection apparatus 1001 according
to the sixth embodiment. For example, this apparatus is a
nondestructive inspection apparatus used for inspection of
deteriorated infrastructure and the like, or inspection during
disaster, and is an inspection apparatus configured to emit
microwave and detect the reflection wave. This apparatus
1001 includes a transmitter 1002 (AB), a receiver 1003, and a
carrying device 1004 for carrying them. The receiver 1003
includes phased array antenna to electrically scan the beam,
thus capable of inspecting a desired portion at a high speed
and with a high sensitivity. The inspection is done while the
vehicle moves with the transmission/reception device carried
on the vehicle, so that inspection of infrastructure, which
takes an enormous amount of time, can be done at a high
speed.
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FIG. 11 illustrates a configuration schematic diagram of a
transmission/reception device of this apparatus. FIG. 11 is a
configuration schematic view in which there are multiple
receivers 1003. The transmitter 1002 includes a signal source
(SG), a power amplifier (PA), and a transmission antenna (Tx
ANT). It should be noted that the transmission signal may be
a modulated wave other than a CW wave (unmodulated con-
tinuous wave). When a band limitation is applied to the trans-
mission signal, a low pass filter or a band pass filter may be
used in a stage after the power amplifier. A signal transmitted
from the transmitter 1002 is emitted on an inspection target
1005 (AB) and is reflected thereby. Subsequently, the signal
reflected by the inspection target 1005 (AB) is received by the
receiver 1003. In this case, in order to improve the reception
sensitivity, the receiver of this apparatus uses a structure of an
array antenna using multiple antennas. The signal received
from the receiving antenna (Rx ANT) of the receiver 1003 is
filtered by the band pass filter (BPF), and is input into the low
noise amplifier (LNA). The phase shifter (®) adjusts the
phase of the signal amplified by the low noise amplifier, and
the signal is input into the signal combiner, which combines
the signals. By performing the signal processing on the com-
bined signal, for example, deteriorated portions and the like
are detected. In this case, the phases of the antennas are
scanned so as to scan the beam in a particular direction, and in
the beam direction, the signal can be detected with a high
sensitivity. In FIG. 10, the beam scanning is indicated by
elliptic circles. The antenna gain increases as the number of
antenna elements increases, and therefore, it is preferable to
provide more antenna elements.

In this case, the frequency used in this apparatus is deter-
mined according to how deep in the inspection target the
inspection is performed, what kind of object is the inspection
target, and the like. The attenuation level of the signal emitted
to the inspection target and reflected thereby generally
becomes higher as the signal becomes a higher frequency, and
therefore, in order to inspect a deeper position, it is desired to
use a frequency as low as possible. However, when the fre-
quency is low, the antenna size increases, and therefore, when
the antennas are made into an array, there is a problem in that
the antennas do not fit within the apparatus. For example,
when an 8 by 8 array antenna is made with a signal of 1 GHz,
one side of the size of the array antenna is more than one
meter, and the antenna becomes large. Therefore, in this appa-
ratus, the array antenna structure using the multiple super-
conducting small antennas according to the embodiment is
used for the receiving antenna. Therefore, for example, one
side of the 8 by 8 array antenna becomes about several dozen
centimeters, and a small array antenna device can be
achieved. Therefore, this enables the inspection apparatus to
use the structure of the phased array antenna. In order to
perform inspection with a higher degree of precision, the used
frequency band may be an extremely-high frequency band
such as 50 GHz which is a frequency higher than the micro-
wave band. When the extremely-high frequency band is used,
the attenuation is higher than the microwave band, and this
reduces the depth that can be inspected in the depth direction,
but a very small broken portion and the like can be detected
with a shorter wavelength. When the extremely-high fre-
quency band is used, the size of the antenna is smaller than the
microwave band, and therefore, the array antenna can be
configured to have more elements, and a beam having an
extremely high directivity can be formed. Therefore, the sen-
sitivity of the antenna can be increased.

While certain embodiments have been described, these
embodiments have been presented by way of example only,
and are not intended to limit the scope of the inventions.
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Indeed, the novel embodiments described herein may be
embodied in a variety of other forms; furthermore, various
omissions, substitutions and changes in the form of the
embodiments described herein may be made without depart-
ing from the spirit of the inventions. The accompanying
claims and their equivalents are intended to cover such forms
or modifications as would fall within the scope and spirit of
the inventions.

What is claimed is:

1. A superconducting antenna device comprising:

an array antenna made by stacking a flat antenna having

one or more antennas made of a superconducting mate-
rial and a ground pattern on a low-loss dielectric sub-
strate from a short wave band to an extremely-high fre-
quency band;

a vacuum chamber configured to accommodate the array

antenna,

a refrigerator configured to cool the array antenna; and

avacuum insulating window configured to pass an electro-

magnetic wave from a short wave band to an extremely-
high frequency band in a direction of directivity of the
array antenna in the vacuum chamber.

2. The device according to claim 1, wherein two or more
antennas made of the superconducting material are provided
on the same surface, and

a distance between adjacent antennas made of the super-

conducting material is equal to or less than 1o of an
resonant frequency of the antenna made of the supercon-
ducting material.
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3.Thedevice according to claim 1, wherein the one or more
antennas made of the superconducting material is connected
to a feeding path, and

the feeding path is provided with a delay circuit.

4.The device according to claim 1, wherein the one or more
antennas made of the superconducting material is connected
to a feeding path, and

the feeding path is provided with a resistance.

5.The device according to claim 1, wherein the one or more
antennas made of the superconducting material is any of
monopole, dipole, inverted F, crank, spiral, CPW, and slot
types.

6. The device according to claim 1, wherein the one or more
antennas made of the superconducting material is a spiral
type, and

the longest side of the antenna made of the superconduct-

ing material is equal to or less than %10 of a wiring length
of the antenna made of the superconducting material.

7. The device according to claim 1, wherein an infrared
reflection film is provided in a directivity direction on a sur-
face of the array antenna.

8. The device according to claim 1, wherein the one or more
antennas made of the superconducting material is connected
to an amplitude limiter, a band pass filter, a low noise ampli-
fier, and a phase shifter.

9. The device according to claim 8, wherein the amplitude
limiter, the band pass filter, and the low noise amplifier is
cooled by the refrigerator.
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